Abstract: Due to the incomplete characteristic of concession agreements and unpredicted events, such as decision-making mistakes and force majeure, many Build-Operate-Transfer (BOT) projects were terminated before the expiry of the concession period. In general, the government and the private sector will have a quite laborious negotiation on the compensation clauses. In a bid to avoid the endless disputes and huge losses, this paper proposes a quantitative compensation model for early termination of highway BOT projects by the analysis of cash flow. An ARIMA model has been constructed to forecast the future traffic volume, operation and maintenance cost, and future cash flow. The compensation amount is determined based on the realized revenue and estimated future revenue. By adopting a numerical example, this paper illustrates the application of the proposed model and provides a reference on compensation for early termination of highway BOT projects for both the government and the private sector.
INTRODUCTION
There has been a move toward increased reliance on Build-Operate-Transfer (BOT) for infrastructure development, which aims at enhancing profitability, reducing deficit/debt and overcoming broad public sector constraints in relation to a lack of capital or capacity to develop, manage, and operate infrastructure assets (Akintoye et al. 2003; Zhang and Kumaraswamy 2001; Zhang 2005) . However, many BOT projects are characterized by large scale investments, various stakeholders and long concession periods, which results in high and multi-dimensional risks and uncertainties (Liu et al. 2014; Cruz and Marques 2012) . In practice, hasty and unreasonable decision and lack of well-designed risk allocation arrangements make many projects difficult in recovering investment and face with renegotiations, even fail to operate (Guasch 2000) . Early termination means stopping the original contract and quitting the concession. Results from recent research for risk prioritization have shown that the termination of concession is one of the most important risks for infrastructure construction (Valipour et al. 2015; Zhang and Xiong 2015) .
Nowadays, early termination of BOT projects are very common. The World Bank (2011) has found that 334 of the 4,874 PPP projects undertaken in developing countries from 1984 to 2010 were early terminated. Even some famous projects, such as National Physical Laboratory (Leahy 2005 ; House of Commons 2006), Skye Bridge project (Moles and Williams 1995; Whitfield 2011) , Channel Tunnel (Ho 2006; Ho and Tsui 2010) in the U.K. and Camino Colombia Toll Road (Samuel 2003) , South Bay Expressway (Samuel 2011) in the USA, were terminated before the expiry of the concession period due to a variety of risks and unreasonable decisions. In general, the liability on early termination can be mainly attributed to the private sector, the government or force majeure. Standardization of PF2 contract in the U.K. indicates that the concession contract should deal comprehensively with the consequences of compensation and transfer of the remaining project assets (HM Treasury 2012).
With the frequent occurrence of early termination for BOT projects, decision-making on compensation, as the most concerned issue for the government and private sector, has attracted many researchers' attention (Chen and Doloi 2008; Chen 2009; Demirag et al. 2011; Xiong et al. 2015) . The compensation amount for early termination depends on the cause of early termination: If the early termination is *Corresponding author. Email: songjinbo@dlut.edu.cn caused by the private sector's default, the payment is normally the market value of the project, which can be determined by the rebidding price of the contract. If it is caused by force majeure (e.g., a natural disaster), the government normally pays an amount linked to the private sector's debt and, in some cases, to the book value of its equity. If it is caused by the government's default, the government should fully compensate lenders and shareholders for their losses (Irwin and Mokdad 2009 ). Kolleeny (2007) indicated that the concession agreement must provide clear rights for the concessionaire in the event of early termination on any grounds (including the private sector's own default) to receive immediate payment from the concession authority of the full, fair market value of all assets. Alonso-Conde et al. (2007) presented a valuation model of the Melbourne City Link Project to calculate the compensation of early termination by using real options theory. Aiming at the buyback issue of toll road, Ren and Li (2011) constructed a bargaining game model between the government and the private sector. Xiong and Zhang (2014a) introduced two popular compensation approaches, which are compensation based on the financial statement and discounted value of future cash flow. By studying the Melbourne City Link Project, Arndt (1998) , Lay and Daley (2002) pointed out that the compensation amount should include the construction cost of the project, operating expenses and the cost of capital of the project sponsor. Besides, if an agreement is terminated, the compensation amount must be proportional, a matter to be assessed separately in every case. For the compensation, issues to be considered also include duration of the agreement, past and expected future value of the agreement for both parties, reason for termination, gravity of the breach of agreement (Iossa et al. 2007; Talus 2009 ).
As mentioned above, no matter what methods have been proposed, the termination causes and revenue forecasting are always the significant factors for determining the compensation. To accurately calculate the reasonable compensation amount, this paper applies ARIMA model to forecast the traffic volume and O&M cost, then, proposes the compensation solution through calculating the discounted value of estimated future cash flows.
It also provides a reliable quantitative method on compensation of early termination in order to smooth the negotiation process of highway BOT projects for the government and the private sector.
COMPENSATION MECHANISM AND RESEARCH HYPOTHESES
Through the classification of liability of early termination, several early termination scenarios (such as government's expropriation, bankruptcy of the project company and force majeure event) are summarized in Figure 1 . An early termination scenario means an event that has occurred and forced the project to terminate before the expiry of concession period. Among them, the expropriation and nationalization are regarded as the main termination causes, under which private sectors can do nothing but ask for warranties and compensation in a long-term contract (Efficiency Unit 2003) . In this case, it's reasonable for the government to judge whether the actual revenue of the project reaches the break-even point before paying the compensation. If the actual revenue does not reach the break-even point, the private sector could not recover the initial investment, and therefore, compensation amount should include unrecovered investment and, in some cases, a part of future revenue. If the actual revenue reaches the break-even point, the private sector has recovered the initial investment, and the future revenue should be shared between the government and private sector. Such compensation measures are fair and beneficial for both of them. Assuming that a highway BOT project has a concession period of T years, including a construction period of m years, the project has been terminated at the T f year.
The key issue in developing the quantitative compensation model is to estimate the future cash flows. The research hypotheses in developing the model are discussed in the following sections.
Hypothesis 1: There are many stochastic variables affecting the cash flows of the project, of which the traffic volume and O&M cost are the most important, and other stochastic variables are not taken into consideration in this study.
Hypothesis 2: All of the vehicles belong to the same type and there is no congestion during the whole operation period. Let N P V 1 denote the accumulated net present value (NPV) over the last T f years, thus, N P V 1 can be determined as follows:
where I t is the construction cost, Q t is the actual traffic volume, P is the actual toll rate, C t is the actual O&M cost and r is the discount rate of the project.
If the highway BOT project hasn't been terminated earlier but is still operated by the private sector till the expiry of the concession agreement, the accumulated NPV of the project in the whole concession period can be calculated as follows:
where N P V 2 is the accumulated NPV in the whole concession period, Q t is the estimated traffic volume, C t is the estimated O&M cost. This paper only considers the situation of N P V 2 ≥ 0.
Let GP denote the compensation amount for the private sector and assuming that GP is a one-time payment at the year of T f + 1. If N P V 1 < 0, which means the actual revenue does not reach the breakeven point and the private sector could not recover the initial investment, thus the compensation amount should include two parts, which are the unrecovered investment and a part of future revenue. The first part GP 1 should compensate for the unrecovered investment, which means GP 1 should satisfy N P V 1 +
GP1 (1+r)
T f +1 = 0 , while the second part GP 2 is a part of future revenue.
Let α be the private sector's sharing ratio of the future revenue, and it can be determined by negotiating with the government. Thus, compensation amount GP can be expressed as:
If N P V 1 ≥ 0, which means the actual revenue has reached the break-even point and the private sector has recovered the initial investment, the compensation GP should be only a part of the future revenue. Thus, GP can be determined as follows:
If the future traffic volume Q t and O&M cost C t were predicted, N P V 2 can be calculated smoothly. By considering the Eq. (3) or Eq. (4), the compensation amount GP can be derived. So the core issue in determining GP is to forecast Q t and C t .
ARIMA MODEL
Obviously, the traffic volume Q t and O&M cost C t are dynamic time series data. In order to accurately forecast them, a time series analysis is conducted based on the relationship between the actual value and future value, which is an effective way for dealing with dynamic data. However, the traffic volume and O&M cost could be non-stationary time series while the traditional time series model can only describe the changing trends of stationary time series, thus ARIMA model is used for analyzing non-stationary time series.
ARIMA model was firstly proposed by Box and Jenkins in the early 1970s (Box and Jenkins 1976) . As a famous time series prediction method, ARIMA model includes autoregressive model AR (p), moving average model MA (q), autoregressive moving average model ARMA (p, q) and ARIMA model (Zhang 2003) . AR (p) can be expressed as φ(B)ω t = a t , φ(B)
is the AR operator, p is the order of the AR model, a t is the white noise time series sampled from a random variable with mean 0 and finite variance σ 2 . MA (q) is expressed as
is the MA operator, q is the order of the MA model. ARMA (p, q) is described as φ(B)ω t = θ(B)a t which combines both the AR (p) model and MA (q) model. Based on it, ARIMA model can be expressed as:
where d = the order of differencing. µ = mean value of transformed stationary time series (1 − B) d X(t). The procedures for applying ARIMA model to forecast traffic volume and O&M cost are discussed in the following:
(1) Series test and transformation. Augment DickeyFuller (ADF) unit root test is usually adopted to examine whether the time series is stationary. If the ADF test value of series is greater than the critical value of unit root test, time series is non-stationary. Any non-stationary time series data must be transformed into stationary data. Several methods such as Box-Cox transformations, classical decomposition and differencing can be used to transform the data series. In this study, differencing method is used to do the transformation, and normally the order of differencing is no more than 2.
(2) Model selection. After transforming the original data series into stationary data series, an ARIMA (p, d, q) model must be selected to fit the data series. The initial values of parameters p and q can be determined from the autocorrelation function (ACF) and partial correlation function (PACF) graphs. If the PACF of the time series cuts off after lag p and the ACF reduces to the bounds ±1.96/ √ n, which are the upper and lower 95% confidence limits, the time series is AR (p). If the ACF of the time series cuts off after lag q and the PACF reduces to the bounds, the time series is MA (q). If both the ACF and PACF of the time series reduce to the bounds, the time series is ARMA. However, the identification of the model type based on these functions is not always feasible, so it is necessary to chose other criterion to determine the fitting model. The criterion widely used in modelselection processes is Bayesian Information Criterion (BIC) or Akaike Information Criterion (AIC). The BIC or AIC is an estimation of the information lost when a given model is used to represent the process that (4) Prediction. After the best fitting model has been selected, the final step is to use the determined ARIMA(p, d, q) model to forecast the future traffic volume and O&M cost data.
NUMERICAL EXAMPLE
S is a highway BOT project which was built in 2001, with 2 billion RMB investment and a planned 27-year concession period including a 2-year construction period. In the operation stage, the actual traffic volume was much lower than the estimated traffic volume. The private sector suffered from great losses over the last 10 years. Therefore, the government and private sector agreed to terminate the concession agreement by consensus. To achieve win-win outcomes for both the government and the private sector, the government decided to terminate the concession agreement and compensate the private sector.
The operation data of Project S from 2001 to 2012 are shown in Table 1 . The toll rate P is 20 RMB per vehicle, which is the average toll rate of all vehicle types in proportion to their traffic volume. The discount rate is assumed to be 8% for highway projects (Hu and Cao 2010) . The accumulated NPV in 11 years is -1.12 billion RMB, so there is still a long term to recover the initial investment.
Series Test and Transformation
The Eviews 6.0 is used to conduct the time series analysis. The original time series graphs of traffic volume and O&M cost from 2003 to 2012 are showed in Figure 2 , in which both two data series have the longterm increasing trends, thus they are non-stationary and have to be transformed into stationary series. Differencing method is applied for both the two data sets. Results show that the time series after the first differencing are still non-stationary, so differencing treatment has to conduct again. The test results of the quadratic differencing series are shown in Table 2 . The ADF Test statistics of traffic volume and O&M cost are correspondingly -3.03 and -3.15, which are both less than the critical value of the significant level 1%. The test results indicate that the transformed series have become the stationary series. So the differencing order d is set to be 2. The transformed data series of traffic volume and O&M cost are plotted in Figure 3 . 
Model Selection
After transforming the original data series into stationary data series, the next step is determining the optimal parameters p and q. The ACF and PACF graphs are computed based on the transformed data sets. Both the traffic volume model and O&M cost model are initially defined as ARIMA (0, 2, 0) as both the ACF and PACF reduce to the bounds after lag 0. Furthermore, BIC is used to selected the best fitting model. 
Model Testing
The time series model is appropriate if the residual forms a white noise time series data set. Autocorrelation test and partial correlation test results of the residual series of the traffic volume and O&M cost are presented in Table 4 . All P values of the Q statistics of the residual series test of traffic volume and O&M cost are greater than 0.05, therefore, the residual series of both the traffic volume and O&M cost are white noise time series data set. ARIMA (0, 2, 1) model are fitted appropriately. 
Prediction
After the models have been developed, the future traffic volume and O&M cost can be forecasted respectively. The traffic volume and O&M cost from 2013 to 2027 are predicted with a 95% confidence interval and listed in Table 5 . The toll rate is fixed at 20 RMB per vehicle in the future. The result shows that the traffic volume increases and reaches more than 140,000 vehicles per day, while the O&M cost increases and reaches about 0.17 billion RMB. The traffic volume increases due to the economic development, population increase, and so on. As for O&M cost, it increases because of more repair and rehabilitation activities.
Compensation solution
From Table 1 and Table 5 , it is clear that the N P V 1 of Project S over the last 11 years is -1,129.25 million RMB and the N P V 2 , which is calculated based on N P V 1 and the predicted traffic volume and O&M cost in the remaining concession period (from 12 to 26 years), is 594.59 million RMB. N P V 1 < 0 means the private sector did not recovered the initial investment, thus compensation should include the unrecovered investment and a part of furure revenue. According to the Eq.3., the first part GP 1 to fill up the unrecovered investment is 2,437.96 million RMB. Assumed that α is 0.4, so the private sector's sharing of the part of future revenue GP 2 is 237.87 million RMB. The final solution of compensation amount GP is 2,675.83 billion RMB. It means that the government should pay a total amount of 2,675.83 billion RMB at the year of T f +1 as one-time payment to the private sector.
CONCLUSIONS
In this paper, an ARIMA model is proposed to forecast the key influencing variables of compensation for BOT Highway projects. To make the compensation amount more feasible, the liabilities of early termination and realistic situation of actual revenue of project should be considered carefully. In the case of expropriation and nationalization, if the actual revenue does not reach the break-even point, the compensation amount should include unrecovered investment and a part of future revenue. If the actual revenue reaches the break-even point, the government and private sector should fairly share the future revenue by a proportion. Based on it, the cash flow analysis is conducted and the dynamic cash flow for the future is predicted by ARIMA model. A numerical example is employed to illustrate the application of the proposed models. The application of time series analysis shows that the dynamic variables can be satisfactorily fitted to the selected time series model. It is also shown that the ARIMA model is appropriate to deal with the time series data such as traffic volume and O&M cost, by which the proposed model provides a reference on compensation for early termination of highway BOT projects. For the simplicity, this paper didn't try to take the liabilities of early termination into consideration and just considered the case of expropriation and nationalization. In the early termination of a default by private sectors, the compensation mechanism will be more complex, and it is worth studying in the future.
